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guidance reviews.

This report is part of the information considered in the guidance review. It
describes an update of the cost model so that it reflects any new relevant
information including revising the cost and resource parameters to current
values. The results from the updated cost model are used to estimate the
current savings associated with the use of the technology.
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1. Background

The manufacturer (Boston Scientific) supplied a decision tree cost model
which compared Boston Scientific CRT-D implants (using the ENDURALIFE
battery) against Medtronic and St Jude (now sold as Abbott) devices. Each
initial implantation could incur complications or no complications. At the end of
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each year the outcomes were death, no replacement, replacement with
complications, or replacement without complications. Device costs were equal
and the time horizon was 6 years.

Patient survival post-implant was based on a published economic analysis
(Yao et al 2007) from the CARE-HF study (Cleland et al 2005). This used
cardiac resynchronisation implants without defibrillator functions, with a mean
follow-up of 2.45 years.

Battery longevity was based on an economic analysis (unpublished at the
time; Landoliona et al 2017) of an observational study (Landolina et al 2015).
The economic paper used 6 years of follow-up data on devices from Boston
Scientific (with ENDURALIFE), Medtronic and St Jude Medical, implanted
between 2008-2010. The manufacturer's model was based on data from
‘recent-generation’ devices, available since 2007. Landolina et al (2017) does
not report whether their analysis includes multiple device replacements or
only the first replacement.

The procedure complication data was taken from Tang et al (2010). Clinical
costs were taken from the NHS payment-by-results tariff.

Key assumptions in the manufacturer’s base case model are:

. The cost of the device is the same as the cost of the comparators.

. The warranty for the comparators is the same as for Boston
Scientific devices.

. Patients attend 1 post-procedure appointment plus follow-ups every
6 months.

. Cost of warranty is not explicit in the model and therefore is
assumed to be included in the cost of the device and equal for all
devices.

. Data on devices implanted between 2008 and 2010 are still
appropriate.

The manufacturer’s base case reported that ENDURALIFE devices were
£6,836 cheaper than Medtronic devices and £4,986 cheaper than St Jude
devices over 6 years.

The EAC conducted substantial additional modelling for the Assessment
Report, including altering device costs, using NHS Reference Costs instead of
tariff, and changing complication rates. The guidance (MTG33; NICE 2017)
notes that the device costs are a main driver in the economic model, whereas
infection rates and warranties exerted little effect on the cost rankings. They
also noted that the 6-year time horizon was a cause of uncertainty that could
affect the cost-effectiveness of the technology.
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Further modelling was conducted using patient survival data from NICOR
(National Institute of Cardiovascular Outcomes Research) in patients aged
50-85 years at implant. This and battery longevity were extrapolated to 15
years. The company’s model could not be extended in this way, so the EAC
created a new version of the model using a 15-year time horizon alongside
the manufacturer’s original model structure and inputs. The result was that
ENDURALIFE could save between £2,120 and £5,627 per patient compared
to standard battery devices. These are the cost savings referred to in the
recommendations of MTG33, not those produced using the manufacturer’s
model. There were continuing concerns about whether recent developments
in competitor batteries would obviate the longevity advantage of
ENDURALIFE.

The obijectives of this report are to:

- Confirm whether the assumptions used in the original model are still
valid

- Obtain current prices for the technology, comparators and resource
use

2. Current validity of model

The experts agreed that there were no substantial changes to the clinical
pathway guidelines. One expert has noted the development of His Bundle
pacing and that this might affect lead placement and consequently device
selection.

Nevertheless, experts have highlighted that some of the assumptions made in
the original report might not hold true and hence affect the validity of the
model.

1. Three experts have indicated considerable variability in device costs.
Three have indicated that their Trusts purchase the devices via
national contracts, while one indicated that their Trust negotiates their
own contracts. Devices can be purchased as systems for de novo
implantation or as generators for replacement; the system price is more
expensive as it contains additional components. CRT-D devices are
listed as ‘high cost tariff excluded devices’ (HCTED) by NHS
Improvement and, as such, they are paid for separately to the tariff for
the procedure. This contract is now managed nationally by NHS Supply
Chain, whereas it was managed locally prior to 2016 (the time of
MTG33). The EAC has confirmed that there is a substantial variation in
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NHS prices for CRT-D generators from five manufacturers via NHS
Supply Chain. Variation exists between manufacturers and between
products within manufacturers. The presence of NHS Supply Chain
prices raises the question whether the assumption of using the same
price ENDURALIFE devices and competitor devices is valid. NHS
Supply Chain prices can be used to ‘sense-check’ the inflation uplift to
the previous selling prices.

2. In the opinion of four experts, the cost of the CRT-D device’s warranty
is included in the product price. Two experts have stated that the
warranty varies between manufacturers and two stated that it is similar
between the manufacturers. The EAC does not believe this assumption
to be crucial for the overall validity of the model as the original report
noted that warranties on these devices are rarely claimed and that
altering these inputs had little effect on the overall costs.

3. It can no longer be assumed that patients attend 6-monthly outpatients’
appointments. Many are seen remotely and even if seen face-to-face
the frequency can vary from 6 to 12 months. This is both centre and
patient dependent. Experts highlighted that follow-up on the device and
on the patient are different events. It also cannot be assumed that the
follow-up is carried out by a medical consultant, with two experts
indicating that these are usually physiologist led appointments.
Additionally, the move to remote appointments may be a temporary
measure related to Covid procedures. Nevertheless, patient follow-up
does not vary between devices (unless there is a device specific safety
alert) and as such will not impact differential cost savings.

4. The four experts do not think that data from published literature on
devices implanted between 2008 and 2010 can be applied to current
products. Experts have highlighted a variety of changes to both battery
technology and other features of CRT-Ds that affect battery life. These
have been implemented by multiple CRT-D manufacturers. Microport
and Biotronik are both now using Li/MnOz2 battery chemistry in their
devices (similar to ENDURALIFE), while others have increased the
capacity of their Li/'SVO-CFx chemistry systems. Boriani et al (2018)
note a general increase in battery capacity and changes in battery
chemistry between 2006 and 2017. Changes in other aspects of device
hardware and software can also contribute to battery life by making
devices more efficient. The manufacturer acknowledged general
improvements in battery life over time in their original submission; they
extended the battery life of Medtronic products by 17% over 6 years in
their sensitivity analysis. So, it is uncertain whether current
ENDURALIFE devices have a longer battery life than competitors.
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Some of the device models used in the original economic model
appear to be unavailable. Also, Lau (2019) did not find that
ENDURALIFE powered devices offered the longest longevity, though it
was based on mathematical modelling rather than real-life patient data,
and pulse width was not kept constant between all the devices used in
the analysis. In the absence of additional data, we conclude that
battery life assumptions used in the MTG33 guidance are no longer
appropriate.

5. The original cost model compared ENDURALIFE Boston Scientific
Devices with Medtronic and St Jude (now sold as Abbott) devices.
While all experts have indicated that they use Medtronic products
frequently, there is variability in the use of products from the other four
major manufacturers, including Boston Scientific. The EAC believes
that to be representative of nation-wide practice, the analysis should
compare devices from all five manufacturers.

Based on expert advice, the EAC considers that some of the assumptions
from the original model are no longer valid. The substantial uncertainties
around devices costs and battery longevity suggest that a simple cost update
is not appropriate.

3. Updated input parameters

The EAC has considered the cost update information provided by the
manufacturer, the information provided by the clinical experts, as well as
information available from NHS Tariff and NHS Reference Costs for updating
the model parameters. The EAC decided to analyse two scenarios: one using
the 2020-2021 NHS Tariff values (NHS England and NHS Improvement,
2020) and one using the 2018-2019 NHS reference costs (NHS England
2020), in both cases these were the most up-to-date values available.

Patient follow-up frequency has not been updated. This frequency is variable
between patients and centres, but is not affected by what device the patient
receives. It also has little effect on the model results, as such these inputs
were not altered (Table 1). The cost has been updated using a ‘consultant led
single professional’ follow-up value (WFO1A for TFC 320). This is £78 (same
as submitted by the manufacturer) on the NHS Tariff and £135 (NHS England
and NHS Improvement, 2020) on NHS Reference Costs (NHS England 2020).
Two clinical experts noted that not all follow-ups are done by a medical
consultant.
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The experts suggested various complication rates. One expert referred to a
Danish study by Kirkfeldt et al (2014 ) referenced in the original assessment
report. For de novo procedures experts stated infection rates ranging from
0.6% to 1.3%, while complication rates ranged from 6% to 6.7%; for
replacement procedures the ranges were 1.3% to 1.5% and 3.5 t0 9.6%
respectively. One expert stated an overall infection rate of 1% in their recent
practice, with all cases attributed to replacement procedures, but highlighted
that this might have been affected by other factors and does not feel confident
in the representativeness of these figures without carrying out a full
departmental audit. Considering the lack of agreement between the experts,
the EAC decided to use the same rates for all complications as have been
used in the original report (Table 1).

Table 1: Input Parameters For 2020 (unchanged from MTG33)

Parameter Value
Post procedure 1
Follow-up -
Routine 2
Infection 2.40%
Complication - De Novo Complication 8.50%
Pocket 0.50%
Infection 2.40%
Complication - Replacement | Complication 8.50%
Pocket 0.50%
Warranties 0.00%
Discount Rate 3.50%

The EAC has adjusted the original complication costs using the Bank of
England’s inflation calculator, as used in MTG33 (Bank of England, 2021).
Nevertheless, we consider that it would be more appropriate to use Personal
Social Services Research Unit’'s NHS Cost Inflation Index (NHCII). The
manufacturer has suggested the following costs of infection, complication
requiring intervention, and device-pocket problems requiring intervention:
£24,708, £6,981 and £20,436 respectively (Table 2). The value for general
complications is taken as the cost of lead displacement, and the pocket
related problem value is an implantation cost. These costs were obtained by
inputting the values used in TA314 (Colquitt et al 2014) as true in 2014, then
inflating to 2020. However, Colquitt et al (2014) obtained their costs through a
combination of values from the 2012-2013 NHS Tariff and 2010-2011 NHS
Reference Costs.
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The EAC noted that inflating these 2014 prices to 2015 does not result in the
values used in the manufacturer’s submission in 2016. The EAC has therefore
inflated the values used in MTG33 to 2020 values (Table 2).

Table 2: Complication Cost Inflation Comparison

' Infection . Lead Implantation

Colquitt et al (2014) labels displacement cost
Year of Infection Complication Pocket

Source costs

Colquitt et al 2014 Uncertain £21,580 £6,097 £17,849

MTG33 2016 £21,774 £6,152 £18,010

Manufacturer 2020 £24,708 £6,981 £20,436

EAC 2020 £24,686 £6,975 £20,418

Despite misgivings about the use of average device costs and the chosen
inflation index the EAC has continued with this methodology. We have though
identified a problem with the manufacturer’s original submission. They inflated
the 2011 device costs used in TA314 (NICE 2014) to 2015 values (the actual
date given in the submission is 1/1/16). In 2011, the average selling price for a
CRT-D system was £12,293 and £11,752 for a replacement generator.
However, the manufacturer appears to have entered the 2011 prices as 2014
(date of publication). See Table below for the 2015 and 2020 prices
calculated if the TA314 prices are entered correctly as 2011. This generates
slightly higher capital costs than those quoted by the manufacturer in both
2016 and 2020.

Table 3: Device Cost Inflation Comparison

Product Who? 2011 (TA314) 2015 2020
(Avg 2.4%) (Avg 2.7%)
system EAC £12,293 £13,515 £15,322
system Manufacturer £12,404 £14,075
generator EAC £11,752 £12,920 £14,648
generator Manufacturer £11,858 £13,455

The EAC will utilise 2020 values obtained from using the calculator rather
than those given by the manufacturer.

Since MTG33, codes for ‘attention to cardiac pacemaker of cardioverter
defibrillator’ (EY10B) and ‘removal of cardiac pacemaker or cardioverter
defibrillator’ (EY09B) are no longer available. Only the cost of ‘implantation of
a cardioverter defibrillator with cardiac resynchronisation therapy with CC

score 0-8' (EY01B) is available. As such, the EAC agrees with the

manufacturer to use the day case/elective EY01B value for both de novo and
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replacement implantations. The NHS Tariff cost is £5,931 (NHS England and
NHS Improvement, 2020), as submitted by the manufacturer, and the NHS
Reference Cost is £3,342 (NHS England 2020). Of note, in 2015 the elective
Tariff for this code was £14,984 and the Reference Cost was £15,120.

The EAC has not changed the original discount rate of 3.50%. The values
used in the updated model are presented in Table 1 and Table 1.

Table 1: Economic Model Cost Inputs

Parameter 2016 2020
De Novo £12,404 £15,322
Device Cost
Replacement £11,858 £14,648
Infection £21,774 £24,686
Complications* | Complication £6,152 £6,975
Pocket £18,010 £20,418
NHS Tariff Costs | NHS Reference Costs
De Novo £6,201 (EY10B)| £5,931 (EY01B) £3,342 (EY01B)
Repl £4,7 EYO9B)| £ 1 (EYO1B £3,342 (EYO1B
Hospital Costs eplacement ,700 (EY09B)| £5,931 (EYO1B) 3,342 (EY01B)
Follow-up
(WFO1A) £96 £78 £135

* Same values were used for complications relating to de novo and replacement procedures.

4. Results from updated model

Table 2 shows the overall costs and potential savings over 15 years, from
using ENDURALIFE powered devices under the same assumptions as the
original MTG33 model. Savings are presented for both NHS Tariff and NHS
Reference Costs inputs for hospital costs, with original savings from MTG33
shown for comparison. Using NHS Tariff costs, as suggested by the
manufacturer and used in MTG33, results in ENDURALIFE being £2,614 to
£6,941 cost saving when compared to competitors.

The cost differences have increased since 2016, particularly for Tariff inputs.
This is substantially due to the change in HRG codes available. Replacing
both EY10B (de novo) and EY09B (replacement) with EY01B, means that
initial implant procedures now cost £270 less, and replacements cost £1,231
more, than in the 2016 version of the model. This is most likely a quirk of the
changes in coding rather than a real increase in replacement hospital costs.
As noted above, EY01B values have decreased substantially since 2015. This
may represent a real decrease in resource use per patient, such as high
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throughput centres, greater use of day case and outpatient procedures, and
simpler surgical procedures.

Table 2: Model Results

Savin Saving
ENDURALIFE| Medtronic | Abbott/St . B against

Model against

Cost Cost Jude Cost . Abbott/St
Medtronic
Jude

MTG33 (2016) £28,234 £33,861 £30,354 £5,627 £2,120
NHS Tariff (2020) £32,404 £39,345 £35,019 £6,941 £2,614
?‘2'33 g)eference Costs | tr9679 | £35819 | £31,092 £6,140 £2,313

5. Conclusion

Updating the original MTG33 model using the manufacturer’s preferred cost
update strategy (NHS Tariff costs and Bank of England inflation rates) results
in a potential saving of £2,614 to £6,941 when ENDURALIFE powered
devices are used compared to competitor devices. Using NHS Reference
Costs (and Bank of England inflation rates) the potential savings range from
£2,313 to £6,140. However, we do not believe that the original model
assumptions are still valid. According to expert advice, there has been
significant progress in CRT-D technologies since MTG33, invalidating the
original battery life assumptions. This point is further strengthened by the
change in CRT-D models that are available to the NHS. The change to
national NHS Supply Chain purchasing of these devices since MTG33
suggests additional policy impacts on device capital costs. Also, the change in
HRG codes used in 2016 and 2020 could have substantial impact on the
calculated cost savings. In conclusion, the EAC opinion is that the economic
modelling approach used in MTG33 in 2016 is no longer fit for purpose.

As such, the EAC recommends that NICE should consider updating the
guidance to reflect the current state of CRT-D technologies’ battery life and
the costs of CRT-D devices in the NHS. Table 6 outlines the potential impact
of such an update on the MTG33 (NICE 2017) recommendations.

Table 6: Potential Impact on Recommendations

‘ MTG33 Recommendation ‘ Potential Impact of the Update ‘
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The case for adopting ENDURALIFE-powered
cardiac resynchronisation therapy-defibrillator
(CRT-D) devices for treating heart failure is
supported by the published evidence. Extended
battery life is of clinical and patient benefit and
associated with fewer replacement procedures.

The update might affect this
recommendation. This will depend
on whether currently available
ENDURALIFE devices still offer
extended battery life compared to
present day comparators.

ENDURALIFE-powered CRT-Ds should be
considered as an option in people offered CRT-D
devices in line with NICE technology appraisal
guidance on implantable cardioverter
defibrillators and cardiac resynchronisation
therapy.

The EAC does not envisage a
guidance update to impact this
recommendation, though it is
possible depending on the
outcomes of any updated cost
analysis.

Cost modelling was based on published data
using predecessor devices, and showed that the
price and lifespan of the CRT-D have the greatest
effect on overall treatment costs. Assuming an
average selling price of £12,404 across different

The update might affect this
recommendation, depending on
whether ENDURALIFE devices still
offer an extended battery life with
respect to comparators and on the

price difference between
ENDURALIFE devices and
comparators.

devices, using ENDURALIFE-powered CRT-Ds
may save between £2,120 and £5,627 per patient
over 15 years through a reduction in the need for
replacement procedures. This could save the NHS
in England around £6 million in the first 5 years.
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Appendix 2. Background documents for this review

Hyperlinks for the background documents for this review report:

1. Medical technologies guidance document

2. Assessment report

If applicable Additional work at consultation

3. Scope of assessment

4. A copy of the company information request regarding the technology

5. Alist of expert advisers and their completed questionnaires on the
MTG review

6. Executable cost model which aligns with the base case described in
the MTG documents

7. If there is new evidence which is relevant to any of the clinical
parameters in the model, the analyst should send the updated values.

8. Any relevant other documents which are not available on the NICE
website.
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